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Abstract 
In this study, a new dispensing print head is introduced covering an operational width of 16 cm and therefore 
allowing for solar cell processing at industrial throughput rates. Like in previous ten nozzle versions, the interior 
paste flow was designed by computational fluid dynamics (CFD) using rheological parameters of applied Ag-pastes 
(commercially available pastes), including yield stress, shear thinning and wall slip behaviour. The novel print head 
features a homogeneous distribution of Ag-paste from an inlet supply with a diameter of Din = 2mm to an outlet slot 
with a width of ws = 160 mm. A first printing test followed by geometrical characterization of the dispensed contacts 
revealed a distribution of the contact finger width of wf = 35±1 μm across the whole wafer (156x156mm²) which 
demonstrates highest precision of the approach. The print head is directly integrated in an inline feasible dispensing 
platform, developed by ASYS GmbH. Respective nozzle plates can be customized to any desired front side grid 
regarding nozzle diameter, nozzle pitch and the total number of nozzles. In the actual version, the print head uses 
two strokes to print 100 contact fingers. Each of the 50 nozzles prints two adjacent contact fingers while moving up 
and down at a speed of up to vy = 700mm/s. In a first solar cell test sequence with the new 6“ print head, a 
maximum cell efficiency of K = 21.2% on industrially preprocessed Cz-PERC samples was reached which 
demonstrates a successful launching of the print head. 
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Fig. 1. Former solar cell production at Schott Solar AG (source: 
Schott.com). A continuous dispensing process was used for front 
side metallization. 
1. Introduction 
1.1. Advantages of dispensed contact grids 
The dispensing technology, as described by Specht et al. [1], offers a contactless, high-throughput single-step 
metallization process significantly reducing finger width and thus shading losses. Record cell efficiencies of 20.6% 
on 125x125mm² FZ p-type material using dispensing technology on MWT-PERC (Metal Wrap Through – 
Passivated Emitter and Rear Cell) solar cells, featuring a selective emitter structure were presented by Lohmüller et 
al. [2]. Commercially available screen printing pastes can directly be applied for dispensing in a first step. 
Afterwards, the shape of dispensed contact fingers can be varied in a wide range by adapting paste rheology as 
described in previous studies e.g. [3]. 
By this approach, the relative effective width of dispensed contact fingers can be reduced by 25% on cell level 
compared to screen printed contact geometries due to an increased share of light being directly reflected from the 
surface of the contact finger into the cell. Furthermore, a substantially improved contact homogeneity requires less 
paste than screen printed contacts when assuming a similar grid resistivity [4, 5]. All in all, a relative efficiency 
increase of ǻK ~ +2%rel. obtained by increases in jsc, Voc and FF at a reduced wet paste laydown of ǻm = -15%rel. 
can be reached by dispensing commercially available Ag-printing pastes [6]. 
1.2. Previous approaches to increase throughput rates 
An increase of throughput rates is crucial in order to 
enable industrial production cycles comparable to 
commercial screen printing metallization lines, currently 
reaching 2000 wafer/h. A first approach of parallel 
dispensing for solar cells was patented by Hanoka in 1992 
[7]. At former Schott Solar AG, continuously operating 
parallel dispensing units were in use for many years in their 
production lines, see Fig. 1. Here, a special approach was 
patented by von Campe and Schwirtlich that prevented 
spreading of high aspect ratio contact fingers on the wafer 
[8]. Chen et al. [9] developed a parallel print head applying 
several n-scrypt smart pumps, each feeding up to three 
parallel aligned single nozzles [10, 11]. 
 
The Co-Extrusion approach as patented by Fork et al. [12] and applied for solar cell metallization by Beutel et al. 
[13] and Richter et al. [14] at Solar World Innovations GmbH includes a parallel print head that enables ultra-fine 
contact lines of down to wf = 23.7 μm by using a sacrificial medium surrounding and focusing the Ag-paste inside 
its 200-220 μm wide nozzle openings. Here, a production tool was developed employing two print heads in a dual 
printing lane and reaching a rated throughput of 2700 wafers/h. Although, more than 100.000 solar cells have been 
printed with this tool and even an intermittent printing of pseudo square wafers has been demonstrated, several 
aspects prevented a broad application so far: Due to the laminar sheath flow inside the nozzle, a special Ag-paste 
with adapted rheology and hence a reduced Ag content of only 74%wt. is required. Furthermore, an active distance 
control between print head and wafer limits printing velocity and the grid design is fixed to the configuration of the 
print head that contains channels and valves for two media at each nozzle. 
1.3. Parallel dispensing at Fraunhofer ISE 
Within the research project GECKO, a demonstration of parallel dispensing using a ten nozzle print head was 
achieved [15] reaching line widths of 27 μm and successfully applied for solar cell processing [4, 6]. Here, the focus 
was to achieve a homogeneous distribution to a variable number of dispensing nozzles by using a single paste 
supply. In this study, first experiences with a new developed 6’’ print head are described that enables metallization 
at ͸ͷͲ݉݉Ȁݏ using commercially available pastes and hence enables a further reduction of cycle times in the future.  
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Fig. 2. Front view of the 6” print head with paste
inlet and outlet slot. 
Inlet (paste supply) 
Outlet slot with nozzle plate 
Fig. 3 Novel 6“ print head, integrated in ASYS Dispensing platform at 
Fraunhofer ISE‘s PV-TEC production laboratory.  
2. Experimental 
2.1. Development of print heads 
After a successful implementation of a rheological paste model 
including yield stress, shear thinning and wall slip phenomena [15, 
16], new CFD-simulations were started aiming on the development 
of a central fed print head with an operating width of 16 cm, see 
Fig. 2. Compared to previous ten nozzle versions, this led to an 
enlargement of the internal paste volume by a factor of 16. During 
subsequent fabrication and testing of the novel prototype, several 
other mechanical aspects were challenging, especially sealing of 
movable parts that allow for automated in-situ cleaning sequences 
of the nozzle plates by opening up the pneumatic cylinders. During 
processing, the print head is moved up and down once at a velocity 
of around ͸ͷͲ݉݉Ȁݏ since cell alignment, dispensing process and 
post print inspection are still integrated in the same prototype. With 
respect to the desired grid design, nozzle plates can be customized 
regarding outlet diameter, nozzle pitch as well as the number of 
nozzles. Due to experiences with the previous ten nozzle versions in 
various solar cell experiments, the current nozzle plate design was 
optimized using Gridmaster [17], see Table I.  
Table I: Current nozzle plate configurations available for 6” 
dispensing print head taking in mind that one cell requires two 
dispensing strokes. 
Nozzle diameter 
D (μm) 40 50 60 
Number of nozzles 
n 55 50 45 
Nozzle pitch 
(mm) 2.83 3.11 3.46 
Resulting finger pitch 
on wafer (mm) 1.41 1.56 1.73 
2.2. Industrial dispensing platform by ASYS 
Similar to previous developed print heads, the novel 6” 
print head was prepared for integration into the in house 
dispensing platform at Fraunhofer ISE’s PV-TEC 
production laboratory, see Fig. 3. As illustrated in Fig. 
4, the platform contains a symmetrical setup, involving 
an inline conveyor belt (1-3), a vacuum chuck (4) 
moving in y-direction (5) after aligning the wafer 
perpendicular to the axis system (6-8). The print head 
(9) is mounted onto a theta stage (10) in order to ensure 
Fig. 4 Schematic drawing of the symmetrical setup of the dispensing
platform at Fraunhofer ISE‘s PV-TEC production laboratory, designed by
ASYS. 
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parallel alignment of print head and wafer. The nozzles are precisely fabricated and mounted with a tolerance of 
േͳɊ݉ regarding positioning and diameter and aligned with respect to the machine coordinate system during the 
initialization process. With this approach, a fast alignment of each wafer is ensured during production. 
3. Results and Discussion 
3.1. Launching the print head 
First test sequences with the novel 6” print head aimed at the demonstration of a homogeneous paste flow 
distribution as predicted by CFD-simulations (Fig. 5). For this reason, simulated deviation of the mass flow rate 
ο݉పȀ ሶ݉ሶ  of each nozzle with respect to  the average mass flow rate ሶ݉  was extracted for each nozzle at paste 
velocities of 100, 300, 500 and 700 mm/s, respectively. 
Subsequently, the print head was equipped with a nozzle plate 
containing 50 nozzles with a diameter of D = 50μm (see Table I) 
and applied for test prints. The resulting contact finger width of 
every third contact finger was subsequently measured by means 
of confocal laser scanning microscopy (CLSM) at three positions 
each. Here, an average finger width of wf = 35±1 μm was 
reached across the complete slot width of the print head (Fig. 5). 
Hence, a homogeneous paste distribution from an inlet channel 
with a diameter of Din = 2 mm to an outlet slot width of 
ws = 16 cm was successfully demonstrated with a commercially 
available screen printing paste delivered by Heraeus. This 
underlines the precision of rheological characterization as well as 
CFD modelling and last but not least, applied fabrication 
processes. 
 
 
 
 
3.2. First cell processing on Cz-PERC solar cell precursors 
In the following, a cell batch on industrially pre-processed Cz-Si 
material (30 wafers), delivered by Gintech/Taiwan was launched in 
order to demonstrate the applicability of the novel print head to solar 
cell processing. The back end processing including local opening of the 
back side passivation layer, screen printing of back surfaces and 
busbars as well as dispensing of the front surface grid using the novel 
print head, contact firing and IV characterization was conducted on 
industrial feasible production tools in Fraunhofer ISE’s PV-TEC, as 
depicted in Fig. 6.  
During dispensing, some initial process instabilities were still 
apparent that occasionally led to finger interruptions that are typically 
visible and hence reduce the optical quality of the cells despite the fact 
that a few interruptions do mostly not have a severe impact on the 
electrical performance of the respective cell. Hence, acceptable values 
(best and median) for FF, Jsc and Voc were reached during this 
experiment (see Table II) and a maximum efficiency of K = 21.2% 
underlines the applicability of the novel print head to solar cell 
processing. 
Fig. 5 Lateral deviation of simulated massflowrate and
measured finger width on 6“wafer. 
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Fig. 6. Process flow of PERC cell batch. 
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Table II: Selected IV-Parameters of first solar cell batch following the PERC concept using the novel 6” dispensing print head. 
 
FF 
(%) 
Jsc 
(mA/cm²) 
Voc 
(mV) 
K 
 (%)
Best 80.1 40.3 659 21.2
Median 79.3 40.2 657 21.0 
4. Conclusions 
It was demonstrated, how a detailed rheological characterisation in combination with a precise CFD modelling 
allowed for an enhancement of the parallel dispensing technology towards industrial throughput rates by increasing 
the operational width of the print head to 16 cm reaching an average finger width of wf = 35±1 μm across the whole 
6” wafer. First solar cell processing led to a maximum cell efficiency of K = 21.2% on industrially pre-processed 
Cz-PERC samples which demonstrates a successful launching of the print head. Actual work focuses on further 
hardware advances, including a precise control of the paste flow and the demonstration of process stability with the 
new print head. 
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